Advanced Microwave Scanning Radiometer (AMSR) brightness temperature (Tb) data are typically organized into daily average images characterized by compromised temporal resolution. An alternate approach considers the locationdependent measurement time of each sample and organizes data by local time-of-day (LTOD), producing bi-daily images with high temporal locality and reduced noise. These LTOD images show greater improvement and fewer artifacts than daily images when spatial resolution enhancement algorithms are applied. LTOD ice edges are on average 8 km closer to MODIS ice edges than daily ice edges.
INTRODUCTION
Data collected by satellite-based Earth-scanning radiometers are used in a variety of important studies, which include estimating sea and ice surface temperatures, ice edges, ice concentrations, sea ice migrations, ocean winds, rain rates, soil moistures, and snow depths.
With a swath width of 1445 km and a near-polar sunsynchronous orbit, the AMSR scans areas in extreme latitudes 2-7 times a day, and is therefore particularly valuable over polar regions for studies involving transient phenomena. Since its orbit is sun-synchronous, the AMSR makes measurements at nearly the same local time each day. Daily Tb images can be produced by (1) using only the most recent values for a given pixel or by (2) combining all daily values. The first method creates images with higher noise levels, and will not be considered further in this paper. Although the second method can produce images characterized by high spatial resolution through applying resolution enhancement algorithms to overlapping swaths, its temporal resolutionand thus its accuracy and value for studies involving transient phenomena-may be compromised.
The measurement local times-of-day for locations above 60
• latitude are separated by less than 12 hours. The precise Throughout the day there may be large Tb variations for a given location; therefore, the daily average-which combinines Tb data differing by up to 24 hours-may produce processing artifacts, particularly when used with resolution enhancement algorithms such as the radiometer version of the Scatterometer Image Reconstruction (SIR) algorithm. In an LTOD data set, however, the maximum temporal variation for spatially overlapping data is less than 7 hours. Because of this narrow time window, LTOD has less Tb variation between spatially overlapping passes. When used with SIR, LTOD Tb images have fewer artifacts and give more accurate Tb values than daily average images.
For this paper we define custom regions with 2.225 km pixel resolution for SIR processing. We compare and present data using the Equal-Area Lambert projection. We define in Table 1 the study regions, which contain both areas of high and areas of low sea ice concentration. We select days from the winter season to minimize complications associated with dramatic day/night temperature variations.
Our study cases compare non-enhanced (GRD) images and images enhanced by a single (AVE) and multiple (SIR) iterations of the radiometer version of the Scatterometer Image Reconstruction resolution enhancement algorithm [2] . Ice features derived from resolution-enhanced AMSR LTOD images using the Bootstrap algorithm (Section 2.1) are validated using MODIS data.
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ICE AND CLOUD MOVEMENT

Bootstrap Ice Concentration Estimate
The Bootstrap algorithm is a method of obtaining ice concentration estimates (ICE) from Tb measurements [1] , and is defined by:
where GHz AMSR channels. We consider regions of less than 15% ice concentration to be open water and those above 15% to be ice-covered.
Ice Migration
For our initial comparison of LTOD and daily images, we track a parcel of ice which broke free from the main pack ice for a period of four days (Fig. 1) . Using the Bootstrap ice concentration method we obtain ICE from AMSR and estimate the location of the parcel for each image using a ICEweighted pixel location average. The daily data have only one location estimate per day, while LTOD produces two. From Fig. 1 (c) and 1(d) we note that the daily location estimates fall near the interpolated path between the LTOD values which reveal movement on scales finer than a day. Though not identical, the GRD and SIR position estimates are very similar. Linearly interpolating each gives us an average of 1.7 km (GRD) and 2.1 km (SIR) difference from the daily values.
Clouds
While clouds affect AMSR Tb values less than they do optical or IR sensors, AMSR cloud contamination is nonnegligible, especially for higher frequency channels. Clouds move quickly and demand high temporal resolution for atmospheric-related studies or image masks. Fig. 2 shows ice in the upper half and cloud contamination and open water in the lower half of each image. The most apparent difference between these daily and LTOD images is LTOD's ability to resolve cloud detail. The morning and evening images show cloud cover to the south and to the east, respectively, but the daily image has no defined cloud cover; it instead presents processing artifacts in those regions. The sharp brightness gradients in the lower portion of the The GRD images are notably coarser than the SIR, which reveals finer detail of the ice features and their time-variation. There are small changes between the ice Tb values of the morning and evening images for some locations. A slight change in the form and location of the foot-shaped ice extrusion can also be seen by comparing the morning and evening images.
LTOD's improvements in temporal resolution from daily images are evident in LTOD's additional detail and reduced artifact for time-changing features. These improvements directly affect the performance of analyst methods in studies requiring high temporal resolution, of which one is demonstrated in the next section. 
AMSR AND MODIS ICE EDGES
Here we compare Moderate Resolution Imaging Spectrometer (MODIS) ice edges with ice edges derived from the Bootstrap algorithm applied to AMSR. Pixel values for MODIS Sea Ice by Surface Temperature images map regions of ice, cloud, water, land, or unknown. Due to MODIS' high sensitivity to clouds, the MODIS comparison data set with cloudless ice edges is small. Samples were selected at Julian day 339 of 2004 and days 53 and 55 of 2005 for Region 3 (Fig. 3) .
For each MODIS image we choose spatially congruent daily and LTOD AMSR images which most closely match the MODIS sampling time. We then apply the Bootstrap algorithm to find the ICE for the AMSR images. In Fig. 3 we compare contours representing the MODIS ice edge and the AMSR 15% ice concentration threshold. In Table 2 , differences in inferred ice edge are compared using an area metric. The clear atmospheric conditions over the ice edge imply that the weather is relatively calm. With calm weather, we expect the ice edge to change very little. Although this decreases the advantage of using LTOD images, there is still improvement from the daily to the LTOD ice edges. Greater difference would be expected for more dynamic cases. We make two observations from Fig. 3 and Table 2 . First, the improvement from daily to LTOD is on average 6.5 km (GRD), 8.4 km (AVE), or 10.1 km (SIR), or on the order of the antenna footprint size. Secondly, upon applying the SIR algorithm the LTOD ice edge improves by 2.3 km (AVE) and 2.1 km (SIR). The daily ice edge improves by 0.4 km for AVE but increases in average distance to the MODIS ice edge by 1.5 km for SIR. We conclude that the LTOD images are more accurate than daily images for measuring ice edges and that the SIR algorithm improves the LTOD ice edge more than it improves the daily ice edge.
CONCLUSION
Resolution enhancement algorithms combine multiple swaths over a region to estimate Tb at higher spatial resolution. Although several swaths contribute to daily data in the polar regions, the separation in their measurement time allows for temporal Tb variation. This Tb variation between swaths in the daily data decreases the effectiveness of the SIR algorithm. Because LTOD data sets are constrained to a narrower time window, the Tb variation is diminished, and the effectiveness of the SIR algorithm increased. This paper demonstrates this improvement through studies of weather and ice, showing LTOD to have less processing artifact, more accurate ice edge estimates, and a greater increase in these qualities upon applying SIR than daily images.
Future studies include comparing average midday or midnight ice extents over different seasons.
